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Abstract 
The paper presents a dimensional analysis on the skin friction and heat transfer coefficient of the boundary layer flow in power 
law fluid. Based on the theoretical analysis the formula of the thickness, the friction coefficient and the heat transfer coefficient 
in non-Newtonian power law fluid boundary layer are obtained. By means of numerical simulation the phenomenon of power law 
fluid flowing on an infinite surface is studied. The temperature distribution is obtained numerically by considering the effect of 
the power law viscosity on thermal diffusivity and the characteristics of the flow and heat transfer are analyzed. The numerical 
results proved that the proposed estimate formula is reliable and effective. The results of the data analysis show that the 
estimation formula above mentioned is coincident well with the data from numerical simulation. The results show that the 
distribution of the thermal boundary layer depends not only on the velocity ratio parameter of the plate, but also on the power law 
index and Prandtl number of fluids. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 
    Fluid mechanics plays a much more important part than ever before since Prandtl proposed the boundary layer 
theory [1].  So far, the boundary layer theory has been widely used in many engineering fields such as metallurgical 
industry, material industry, petrochemical industry and chemical industry, especially in high polymer synthesis 
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industry. Largely due to the pioneering work of Sakiadis[2] and Tsou [3], the problems of heat transfer on a 
continuous stretching sheet in Newtonian fluid have attracted considerable attention during the past decades. Howell 
[4] and Rao[5] examine momentum and heat transfer on a continuous moving surface in power law fluid. Recently, 
Zheng et al have made many theoretical researches in this field, which describe fluid flow and heat transfer in the 
vicinity of the continuous stretching surface, and have presented the similar solutions to the viscous boundary layer 
and the heat transfer phenomenon[6]. 
2. Methods 
    Consider a steady, two-dimensional laminar flow past a moving flat plate with constant velocity wU , which is 
maintained at a constant temperature wT , in the same direction to the free stream Uf at a uniform temperature 
Tf ( wT Tf! and wU Uf ), as is shown in Fig.1. The X -axis extends parallel to the surface, while the Y -axis 
extends perpendicularly to it. Because wT Tf! , there exist the heat convection and the thermal boundary layer near 
the wall. For power law fluids, 
1nU
Y
Q J
w w is the kinematic viscosity. Professor Ioan Pop propose power law 
model of the thermal diffusivity. Professor Liancun Zheng and Professor Xinxin Zhang et al draw an analogy 
between the thermal diffusivity and the kinematic viscosity according to the relationship between Prandtl number 
and the thermal diffusivity Pr /N aQ . They defined the thermal diffusivity
1nUa
Y
Z
w w for 0
U
Y
w zw  (Z is positive 
constant) and 0
p
a a
c
O
U  for 0
U
Y
w  w . The laminar boundary layer equations expressing conservation of mass, 
momentum and energy are written as follows [7], 
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subject to the boundary conditions 
0 0 0,  0,  , ,    Y w Y Y Y w YU U V U U T T T T   f f   f f                                                                             (4) 
The following dimensionless variables are introduced 
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Then the equations (1) ~ (3) become 
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with the boundary conditions as 
 
0 0 0/ ,    0,    1, 0,   1 y w y y y yu U U v u[ T T f   f   f                                                                        (10) 
 
where wU U[ f is the velocity ratio parameter of the plate. Unless otherwise specified, in this paper, we pay our 
attention to the case of 0 1[d  .The final equations (7) ~ (10) only involve two independent parameters n and PrN . 
It is noticeable that all other parameters such as coordinates, physical parameters of fluid , ,n J Z and operating 
conditions ,U Tf f are included in PrN and ReN . 
2.1 Friction Resistance Coefficient 
    The inertia force and the viscous force are the same order of magnitude in the boundary layer. The formula for the 
boundary layer thickness is obtained in the paper [8-10] by taking the example for power law fluid flowing on an 
infinite surface. 
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The wall shear stress wW , can be represented by 
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The local friction resistance coefficient fxC  is 
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     From equations (12) ~ (13), we can find that wW  and fxC  is directly proportional to 1
n
nx  ,  i.e. the wall shear 
stress and local friction resistance coefficient decrease with increasing x  value. This is because that the velocity 
boundary layer thickness increases and the velocity gradient decreases in the x  direction. 
2.2 Heat Transfer Coefficient 
     The thermal boundary layer extends to the exterior free stream when Pr0 1N  . The thermal boundary layer is 
very thick for the smaller PrN , which indicates that the temperature changes from wT toTf mainly in the free stream. 
Therefore, the velocity boundary layer has few effects on the heat flow. While PrN is larger the thermal boundary 
layer becomes thinner, and the temperature gradient is limited in the most interior of the velocity boundary layer. 
Thus, the temperature gradient near the wall is determined by the velocity gradient near the wall. Actually, most 
non-Newtonian environmental fluid in the engineering show the features of higher PrN , therefore, the researches on 
the heat transfer characteristics of this kind of fluid are of great importance. Because the rate of local heat flow 
complies with Fourier law, for convenience's sake, it is expressed in the form of heat transfer coefficient 
     
11 1
Re
0
x n
x
w
q x N
T T K
TD O K
 
f
§ ·w     ¨ ¸ w© ¹ ˙
                                                                                                 (14) 
or in the form of local Nusselt number, 
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3. Results 
     In this paper the equations (7) ~ (9) are solved subject to the boundary conditions (11) by using the CFD. The 
boundary layer thickness  xG  is shown in Fig. 1. As can be seen from above the fig.1, the dimensionless boundary 
layer thickness  x
x
G  is directly proportional to  1 11 1n nRexn N   . The dimensionless Friction Resistance Coefficient 
w
21
2
fxC
u
W
U f
 
 
 is shown in Fig.2. As can be seen from above the fig.2, the dimensionless Friction Resistance 
Coefficient w
21
2
fxC
u
W
U f
 
 
 is directly proportional to  1 11 1n nRexn N   .  
 
        
˄a˅n=0.5                                                      ˄b˅n=1.5 
Fig.1.  Dimensionless Boundary Layer Thickness Profiles 
828   Hao Zhang et al. /  Procedia Engineering  121 ( 2015 )  824 – 829 
    
˄a˅n=0.5                                                      ˄b˅n=1.5 
Fig.2.  Dimensionless Friction Resistance Coefficient Profiles 
    The distributions of dimensionless temperature in the boundary layer are fitted into the curves according to its 
influential factors such as Pr,n N and[ respectively, which are shown in Fig.3. Fig.3 show that the dimensionless 
temperature is the increasing function of PrN . When 0 1[ d , the temperature diffusion increases with the 
dimensionless velocity. Seen from the Fig.3, the dimensionless temperature changes faster than the dimensionless 
velocity for Pr 1N ! , which shows that the thermal boundary layer becomes thinner as PrN increases. Fluids with 
larger PrN have the weaker thermal diffusivity and the stronger momentum diffusivity. The former determines the 
influence of the thermal diffusion of the wall only on the thinner regions, and the latter determines the influence of 
the viscous diffusion on the region far away from the wall. On the contrary, the change of the velocity is faster than 
that of the temperature in the boundary layer for Pr0 1N  , which can be discussed in the way similar to the above-
mentioned. The thermal boundary layer has the similar form as the velocity boundary layer for Pr 1N  . 
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Fig.3. Dimensionless Temperature profiles 
4. Conclusions 
    The relationship between the dimensionless thickness of the viscous boundary layer together with the 
dimensionless shearing stress and their influencing factors is obtained by use of the theory of the dimensional 
analysis in fluid dynamics. The conclusions are as the followings: 
 
(1)The dimensionless boundary layer thickness  x
x
G  is directly proportional to the dimensionless coordinate 
 1 11 1n nRexn N   . 
 
(2)The dimensionless shearing stress 
1 2
2
w
UU
W
§ ·¨ ¸f© ¹
 is directly proportional to the dimensionless coordinate 
 1 11 1n nRexn N   . 
 
(3) The thermal boundary layer thickness decreases with PrN . 
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     The numerical results from CFD simulation indicates that the aforementioned dimensional analysis is reliable 
and correct. The analysis method based on the dimensional theory is quite concise. Besides that the method based on 
the boundary layer theory is reliable. Although the results in this paper can’t be applied to engineering computation 
directly, they are of great use for the authentication of the solution results from numerical method and experimental 
data. 
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